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1
SEMICONDUCTOR DEVICE AND METHOD
OF FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §119 to
Korean Patent Application No. 10-2013-0105691, filed on
Sep. 3, 2013 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

1. Field

The present disclosure relates to a semiconductor device
and a method of fabricating the same, and more particularly,
to a semiconductor device including an oxygen gettering
layer between a Group I1I-V compound semiconductor layer
and a dielectric layer, and a method of fabricating the semi-
conductor device.

2. Description of the Related Art

A compound semiconductor is formed by combining at
least two types of elements and therefore has a characteristic
of a semiconductor. For example, a GaAs compound semi-
conductor using Ga and As are elements from Groups I1I and
V of the periodic table that are generally used. A semicon-
ductor device using a Group III-V compound semiconductor
such as GaAs has an electron mobility that is at least five times
higher than that of a semiconductor device using silicon, and
therefore is able to operate at a high speed. Also, the semi-
conductor device using a Group III-V compound semicon-
ductor is able to stably operate at a high temperature and
therefore may be used in a high power apparatus. Also, the
semiconductor device using a Group III-V compound semi-
conductor is able to operate in a high frequency band and
therefore may be used in a millimeter wave or microwave
apparatus or in an optoelectronic device. Also, the Group
III-V compound semiconductor may emit light in a range of
an infrared ray to a visible ray and therefore is widely used in
a light-emitting diode (LED) or a semiconductor laser, which
generates various light colors. The Group III-V compound
semiconductor is also characterized for its low power con-
sumption.

Semiconductors having various characteristics may be fab-
ricated according to the types and composition of materials
combined in the Group III-V compound semiconductor.
However, compared to the silicon semiconductor, the Group
III-V compound semiconductor is easily oxidized. Thus,
when the Group III-V compound semiconductor forms an
interface with an oxide layer, a surface of the Group III-V
compound semiconductor is oxidized such that a surface
roughness may increase and physical and electrical defects
may occur.

SUMMARY

Additional aspects will be set forth in part in the description
which follows and, in part, will be apparent from the descrip-
tion, or may be learned by practice of the non-limiting
embodiments.

According to an example embodiment, a semiconductor
device may include a compound semiconductor layer includ-
ing at least one element from Groups III through VI; a dielec-
tric layer disposed on the compound semiconductor layer;
and an oxygen gettering layer interposed between the com-
pound semiconductor layer and the dielectric layer, the oxy-
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gen gettering layer including a material having a higher affin-
ity for oxygen than a material of the compound
semiconductor layer.

The oxygen gettering layer may include at least one of a
transition metal, doped Zr, a lanthanum-based metal, a metal
sulfide, and a metal nitride.

The transition metal may include at least one of Ti, Sc, and
Y.

The doped Zr may include at least one of Y-doped Zr and
Al-doped Zr.

The metal sulfide may include at least one of HfS,, TiS,,
LaS,, and SiS,.

The metal nitride may include at least one of AIN, GaN,
HiIN, and SiN.

A thickness of the oxygen gettering layer may be equal to
or less than about 10 nm.

The dielectric layer may include at least one of HfO,,
Al,O;, La, 05, ZrO,, HfSi0, HfSiON, HfLLaO, LaAlO, and
SrTiO.

The semiconductor device may further include a passiva-
tion layer interposed between the compound semiconductor
layer and the oxygen gettering layer.

The passivation layer may include at least one of S, N, F, Cl
and H formed on a surface of the compound semiconductor
layer.

According to another example embodiment, a method of
fabricating a semiconductor device may include operations of
forming an oxygen gettering layer on a compound semicon-
ductor layer, the compound semiconductor layer including at
least one element from Groups III through VI, wherein the
oxygen gettering layer includes a material having a higher
affinity for oxygen than a material of the compound semicon-
ductor layer; and forming a dielectric layer on the oxygen
gettering layer.

The oxygen gettering layer may be formed by using an
atomic layer deposition (ALD) method, a chemical vapor
deposition (CVD) method, or a sputtering method.

After the operation of forming the oxygen gettering layer
or the operation of forming the dielectric layer, the method
may further include an operation of performing a thermal
treatment.

Before the operation of forming the oxygen gettering layer
on the compound semiconductor layer, the method may fur-
ther include an operation of forming a passivation layer on a
surface of the compound semiconductor layer.

The passivation layer may include at least one of S, N, F, Cl
and H formed on a surface of the compound semiconductor
layer

According to another example embodiment, a semicon-
ductor device may include a compound semiconductor layer,
an oxygen gettering layer on the compound semiconductor
layer, and a dielectric layer on the oxygen gettering layer. The
compound semiconductor layer includes elements from at
least two different groups of a periodic table. At least one of
the elements may be from Groups I1I through V1. The oxygen
gettering layer includes a material having a higher affinity for
oxygen than any material of the compound semiconductor
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects will become apparent and
more readily appreciated when the following description is
taken in conjunction with the accompanying drawings in
which:
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FIG. 1 is a cross-sectional view illustrating a structure of a
compound semiconductor device according to an example
embodiment;

FIGS. 2A and 2B are cross-sectional views illustrating a
function of an oxygen gettering layer interposed between a
compound semiconductor layer and a dielectric layer;

FIG. 3 is a cross-sectional view schematically illustrating
only an interface between the compound semiconductor layer
and the dielectric layer of the compound semiconductor
device, according to another example embodiment;

FIG. 4 is a cross-sectional view schematically illustrating
only an interface between a compound semiconductor layer
and a dielectric layer of a compound semiconductor device,
according to another example embodiment; and

FIG. 5 is a cross-sectional view schematically illustrating
only an interface between the compound semiconductor layer
and the dielectric layer of the compound semiconductor
device, according to another example embodiment.

DETAILED DESCRIPTION

It will be understood that when an element or layer is
referred to as being “on,” “connected to,” “coupled to,” or
“covering” another element or layer, it may be directly on,
connected to, coupled to, or covering the other element or
layer or intervening elements or layers may be present. In
contrast, when an element is referred to as being “directly on,”
“directly connected to,” or “directly coupled to” another ele-
ment or layer, there are no intervening elements or layers
present. Like numbers refer to like elements throughout the
specification. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

It will be understood that, although the terms first, second,
third, etc. may be used herein to describe various elements,
components, regions, layers, and/or sections, these elements,
components, regions, layers, and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer, or section from
another element, component, region, layer, or section. Thus,
afirst element, component, region, layer, or section discussed
below could be termed a second element, component, region,
layer, or section without departing from the teachings of
example embodiments.

Spatially relative terms, e.g., “beneath,” “below,” “lower,”
“above,” “upper,” and the like, may be used herein for ease of
description to describe one element or feature’s relationship
to another element(s) or feature(s) as illustrated in the figures.
It will be understood that the spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. For example, if the device in the figures is turned over,
elements described as “below” or “beneath” other elements or
features would then be oriented “above” the other elements or
features. Thus, the term “below” may encompass both an
orientation of above and below. The device may be otherwise
oriented (rotated 90 degrees or at other orientations) and the
spatially relative descriptors used herein interpreted accord-
ingly.

The terminology used herein is for the purpose of describ-
ing various embodiments only and is not intended to be lim-
iting of example embodiments. As used herein, the singular
forms “a,” “an,” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms, “comprises,”
“comprising,” “includes,” and/or “including,” if used herein,
specify the presence of stated features, integers, steps, opera-
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tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

Example embodiments are described herein with reference
to cross-sectional illustrations that are schematic illustrations
of idealized embodiments (and intermediate structures) of
example embodiments. As such, variations from the shapes of
the illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
example embodiments should not be construed as limited to
the shapes of regions illustrated herein but are to include
deviations in shapes that result, for example, from manufac-
turing.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art. It
will be further understood that terms, including those defined
in commonly used dictionaries, should be interpreted as hav-
ing a meaning that is consistent with their meaning in the
context of the relevant art and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

Reference will now be made in further detail to example
embodiments of a semiconductor device and a method of
fabricating the semiconductor device. In the accompanying
drawings, the size of each component may have been exag-
gerated for clarity. In this regard, it should be understood that
the examples may have different forms and should not be
construed as being limited to the descriptions set forth herein.
Expressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and are not lim-
ited to a particular element.

FIG. 1 is a cross-sectional view illustrating a structure of a
compound semiconductor device 10 according to an example
embodiment. Referring to FIG. 1, the compound semicon-
ductor device 10 may include a compound semiconductor
layer 11, a dielectric layer 13 disposed on the compound
semiconductor layer 11, and an oxygen gettering layer 12
interposed between the compound semiconductor layer 11
and the dielectric layer 13. Also, the compound semiconduc-
tor device 10 may further include source and drain regions 15
and 16 formed by doping top portions of the compound semi-
conductor layer 11 at both sides of the dielectric layer 13, and
an electrode 14 disposed on the dielectric layer 13. The elec-
trode 14 may be a gate electrode.

The compound semiconductor device 10 shown in FIG. 1
may be used in a metal oxide semiconductor field-effect
transistor (MOSFET). However, the MOSFET is merely an
example of the compound semiconductor device 10. Thus, it
should be understood that the present embodiment is not
limited to the MOSFET. For example, the compound semi-
conductor device 10 according to the present embodiment
may be applied to various types of transistors, capacitors,
light-emitting devices, photo sensors, modulators, solar cells,
integrated circuits, or the like in which the dielectric layer 13
and the compound semiconductor layer 11 may form an inter-
face. Also, referring to FIG. 1, the electrode 14 is disposed on
the dielectric layer 13 but the present embodiment is not
limited thereto. Thus, a layer other than the electrode 14 may
be disposed on the dielectric layer 13, according to a type and
structure of the compound semiconductor device 10.

The compound semiconductor layer 11 may include Ga
and In from Group II1, As and P from Group V, or a chalco-
genide from Group V1. For example, the compound semicon-
ductor layer 11 may include GaN, GaAs, InGaAs, InP, or the
like. The dielectric layer 13 may include SiO,, but in order to
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assure a sufficient electrostatic capacity and thickness, the
dielectric layer 13 may be formed of a high-k dielectric mate-
rial. For example, the dielectric layer 13 may be formed as a
metal oxide dielectric layer including the high-k dielectric
material such as HfO,, Al,0;, La, 05, ZrO,, HfSiO, HfSiON,
HfLaO, LaAlO, SrTiO, or the like.

The electrode 14 disposed on the dielectric layer 13 may
include metal such as platinum (Pt). The source and drain
regions 15 and 16 may be formed by doping the top portions
of the compound semiconductor layer 11 at both sides of the
dielectric layer 13. For example, when the compound semi-
conductor layer 11 is doped n-type, the source and drain
regions 15 and 16 may be doped p-type. Conversely, when the
compound semiconductor layer 11 is doped p-type, the
source and drain regions 15 and 16 may be doped n-type.

However, because the compound semiconductor layer 11
has a relatively low thermal stability and is prone to become
oxidized, when the dielectric layer 13 and the compound
semiconductor layer 11 directly form an interface, a charac-
teristic of the interface may deteriorate. That is, while the
dielectric layer 13 is formed on the compound semiconductor
layer 11, a surface of the compound semiconductor layer 11
may be oxidized, and in the processes thereafter, an element
of the compound semiconductor layer 11 may diffuse to the
dielectric layer 13 due to exposure to a high temperature. For
example, when the compound semiconductor layer 11
includes GaAs, GaAs in the surface of the compound semi-
conductor layer 11 may react with oxygen such that Ga,O;,
may be generated and an As element may become separated.
The separated As element may diffuse to the dielectric layer
13 during a high temperature process, which may thus dete-
riorate a dielectric characteristic of the dielectric layer 13.
Due to this, crystal defects may occur at the interface between
the compound semiconductor layer 11 and the dielectric layer
13, and current leakage and deterioration in electron mobility
may occur.

According to the present embodiment, in order to prevent
the compound semiconductor layer 11 and the dielectric layer
13 from directly forming the interface therebetween, the oxy-
gen gettering layer 12 may be interposed between the com-
pound semiconductor layer 11 and the dielectric layer 13. The
oxygen gettering layer 12 may be oxidized by itself by
absorbing oxygen in the interface between the compound
semiconductor layer 11 and the dielectric layer 13, so that the
oxygen gettering layer 12 may function as an oxygen diffu-
sion preventing layer for preventing diffusion of oxygen from
the dielectric layer 13 and may simultaneously function as an
oxidization preventing layer for suppressing oxidization of
the compound semiconductor layer 11.

Also, the oxygen gettering layer 12 may be formed of a
material having desirable interfacial characteristics after oxi-
dization and having compact layer characteristics. Thus, the
oxidized oxygen gettering layer 12 may prevent oxygen from
penetrating into the compound semiconductor layer 11 and
may prevent mutual diffusion of elements between the com-
pound semiconductor layer 11 and the dielectric layer 13.
Also, the oxygen gettering layer 12 may be formed of a
material having a relatively high dielectric constant after oxi-
dization, so that the oxygen gettering layer 12 does not affect
a high-k dielectric characteristic of the dielectric layer 13.
Therefore, the oxygen gettering layer 12 may be regarded as
a dielectric layer. That is, the dielectric layer 13 may be
regarded as having a double-layer structure including the
oxidized oxygen gettering layer 12 and the high-k dielectric
material.

FIGS. 2A and 2B are cross-sectional views illustrating a
function of the oxygen gettering layer 12 interposed between
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the compound semiconductor layer 11 and the dielectric layer
13. Referring to FIG. 2A, a plurality of pieces of interfacial
oxide 114 that are generated due to oxidization of a portion of
a compound semiconductor may be on a top surface of the
compound semiconductor layer 11. For example, the interfa-
cial oxide 11a may be Ga,O;. The oxygen gettering layer 12
has a relatively high oxygen affinity. In a non-limiting
embodiment, the oxygen gettering layer 12 includes a mate-
rial that has a higher affinity for oxygen than any material of
the compound semiconductor layer 11 and/or the dielectric
layer 13. Thus, as illustrated in FI1G. 2B, the oxygen gettering
layer 12 may be oxidized itself by absorbing the oxygen from
the compound semiconductor layer 11 and the dielectric layer
13. Then, the interfacial oxide 11a may be deoxidized to
again become part of the compound semiconductor. For
example, Ga,O, may be deoxidized to become GaAs. Thus,
the interfacial oxide 11a¢ and residual oxygen between the
compound semiconductor layer 11 and the dielectric layer 13
may be removed.

The oxygen gettering layer 12 may be formed of a material
including a transition metal such as Ti, Sc, Y, etc., a doped
metal such as Y-doped Zr, Al-doped Zr, etc., a lanthanum-
based metal having a high dielectric constant after oxidiza-
tion, a metal sulfide such as HfS,, TiS,, LaS_, SiS,, etc., or a
metal nitride such as AIN, GaN, HfN, SiN; etc. The doped
metal may be obtained by doping a metal having a high
dielectric constant after oxidization to a metal that is easily
oxidized. Here, a composition of the metal for the oxygen
gettering layer 12 and a thickness of the oxygen gettering
layer 12 may vary according to a condition of a subsequent
process (e.g., a condition of a thermal treatment), a material,
composition, and a state of a crystal plane of the compound
semiconductor layer 11, a material and composition of the
dielectric layer 13, or the like. When the oxygen gettering
layer 12 is oxidized, the oxygen gettering layer 12 may have
a dielectric function so that the thickness of the oxygen get-
tering layer 12 may be equal to or less than about 10 nm so as
to decrease its influence on a characteristic of the dielectric
layer 13. The oxygen gettering layer 12 may be formed on the
compound semiconductor layer 11 by using various methods
such as an atomic layer deposition (ALD) method, a chemical
vapor deposition (CVD) method, or a sputtering method.
Alternatively, in order to accelerate oxidization of the oxygen
gettering layer 12, a thermal treatment process may be per-
formed after the oxygen gettering layer 12 is deposited or
after the dielectric layer 13 is deposited.

FIG. 3 is a cross-sectional view schematically illustrating
only an interface between the compound semiconductor layer
11 and the dielectric layer 13 of the compound semiconductor
device 10, according to another example embodiment. Refer-
ring to FIG. 3, a passivation layer 18, the oxygen gettering
layer 12, the dielectric layer 13, and the electrode 14 may be
sequentially stacked in this order on the compound semicon-
ductor layer 11. Compared to FIG. 1, the compound semicon-
ductor device 10 of FIG. 3 may further include the passivation
layer 18 between the compound semiconductor layer 11 and
the oxygen gettering layer 12.

The passivation layer 18 may be formed in a manner that
Group Il or V elements on a surface of the compound semi-
conductor layer 11 are substituted for elements such as S, N,
F, Cl, H, or the like. That is, the passivation layer 18 may be
a layer that is thinly coated with S, N, F, Cl, H, or the like on
the surface of the compound semiconductor layer 11. The
passivation layer 18 may increase the Gibbs free energy and
therefore may suppress that the surface of the compound
semiconductor layer 11 is oxidized in an oxygen atmosphere.
By using both the passivation layer 18 and the oxygen getter-
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ing layer 12, it is possible to suppress the oxidization of the
compound semiconductor layer 11 and the mutual diffusion
of elements between the compound semiconductor layer 11
and the dielectric layer 13.

As described above, the oxygen gettering layer 12 may
remove oxygen in the interface between the compound semi-
conductor layer 11 and the dielectric layer 13, so that the
oxygen gettering layer 12 may function as an oxygen diffu-
sion preventing layer for preventing diffusion of oxygen from
the dielectric layer 13 and may simultaneously function as an
oxidization preventing layer for suppressing the oxidization
of the compound semiconductor layer 11. Also, in general,
the oxygen gettering layer 12 has beneficial interfacial char-
acteristics, arelatively high dielectric constant, and a compact
layer characteristic, so that the oxygen gettering layer 12 may
improve an interfacial characteristic of the compound semi-
conductor layer 11. Thus, the oxygen gettering layer 12 may
improve electrical characteristics of the compound semicon-
ductor device 10.

For example, a small subthreshold swing (SS) is available
in an FET, so that a high Ion/Ioff ratio may be realized. Also,
a deterioration of a capacitance characteristic in an accumu-
lation region of a MOS capacitor may be reduced or pre-
vented. Also, a deterioration of carrier mobility at the inter-
face may be reduced or prevented so that a driving speed may
be improved, and an off leakage current may be decreased so
that a power consumption may be reduced.

In FIGS. 1-3, the compound semiconductor layer 11, the
oxygen gettering layer 12 and the dielectric layer 13 are
shown as being planar. However, the aforementioned
embodiments may be applied to any shape. FIGS. 4 and 5
illustrate examples in which the aforementioned embodi-
ments are applied to a fin field effect transistor (FinFET) to
improve a channel controllability for each unit area. FIGS. 4
and 5 are cross-sectional views wherein each schematically
illustrates only an interface between a compound semicon-
ductor layer 21 and a dielectric layer 23, according to example
embodiments.

First, referring to FIG. 4, the compound semiconductor
layer 21 may include a channel region 25 as a center portion
that protrudes vertically. Then, an oxygen gettering layer 22
and the dielectric layer 23 may be formed to surround an
external surface of the compound semiconductor layer 21,
including the channel region 25, and an electrode 24 may be
formed on a surface of the dielectric layer 23. Except for
cross-sectional shapes, materials and functions related to the
compound semiconductor layer 21, the oxygen gettering
layer 22, and the dielectric layer 23 may be the same as those
that were described above with reference to FIG. 1. Also, as
illustrated in FIG. 5, a passivation layer 28 formed of S, N, F,
Cl, H, or the like may be further interposed between the
compound semiconductor layer 21 and the oxygen gettering
layer 22.

The semiconductor device and the method of fabricating
the semiconductor device are described above according to
various example embodiments with reference to the accom-
panying drawings. However, it should be understood that the
example embodiments described herein should be considered
in a descriptive sense only and not for purposes of limitation.
Descriptions of features or aspects within each embodiment
should typically be considered as available for other similar
features or aspects in other embodiments.

What is claimed is:

1. A semiconductor device comprising:

a compound semiconductor layer comprising at least one
element from Groups III through VI;

10

15

20

25

30

35

40

45

50

55

60

65

8

a dielectric layer disposed on the compound semiconduc-

tor layer;
an oxygen gettering layer interposed between the com-
pound semiconductor layer and the dielectric layer, the
oxygen gettering layer comprising a material having a
higher affinity for oxygen than a material of the com-
pound semiconductor layer, the oxygen gettering layer
including at least one of a doped Zr, a metal sulfide, and
a metal nitride; and

an electrode on the dielectric layer, the dielectric layer
being between the electrode and the oxygen gettering
layer.

2. The semiconductor device of claim 1, wherein the doped
Zr comprises at least one of Y-doped Zr and Al-doped Zr.

3. The semiconductor device of claim 1, wherein the metal
sulfide comprises at least one of HfS,, TiS,, LaS,, and SiS,.

4. The semiconductor device of claim 1, wherein the metal
nitride comprises at least one of AIN, GaN, HiN, and SiN.

5. The semiconductor device of claim 1, wherein a thick-
ness of the oxygen gettering layer is equal to or less than about
10 nm.

6. The semiconductor device of claim 1, wherein the
dielectric layer comprises at least one of HfO,, Al,0;,La,0;,
Zr0,, HfSi0, HfSiON, HfLLaO, LaAlO, and SrTiO.

7. The semiconductor device of claim 1, further compris-
ing:

a passivation layer interposed between the compound

semiconductor layer and the oxygen gettering layer.

8. The semiconductor device of claim 7, wherein the pas-
sivation layer comprises at least one of S, N, F, Cl and H
formed on a surface of the compound semiconductor layer.

9. A method of fabricating a semiconductor device, the
method comprising:

forming an oxygen gettering layer on a compound semi-

conductor layer, the compound semiconductor layer
comprising at least one element from Groups I1I through
V1, the oxygen gettering layer comprising a material
having a higher affinity for oxygen than a material of the
compound semiconductor layer, the oxygen gettering
layer including at least one of a doped Zr, a metal sulfide,
and a metal nitride;

forming a dielectric layer on the oxygen gettering layer;

and

forming an electrode on the dielectric layer, the dielectric

layer being between the electrode and the oxygen get-
tering layer.

10. The method of claim 9, wherein the doped Zr comprises
at least one of Y-doped Zr and Al-doped Zr.

11. The method of claim 9, wherein the metal sulfide com-
prises at least one of HfS,, TiS,, LaS,, and SiS,.

12. The method of claim 9, wherein the metal nitride com-
prises at least one of AIN, GaN, HfN, and SiN.

13. The method of claim 9, wherein the forming an oxygen
gettering layer includes using an atomic layer deposition
(ALD) method, a chemical vapor deposition (CVD) method,
or a sputtering method.

14. The method of claim 13, further comprising:

performing a thermal treatment on at least one of the oxy-

gen gettering layer and the dielectric layer.

15. The method of claim 9, further comprising:

forming a passivation layer on a surface of the compound

semiconductor layer before the forming an oxygen get-
tering layer.

16. The method of claim 15, wherein the passivation layer
comprises at least one of S, N, F, Cl and H formed on the
surface of the compound semiconductor layer.
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17. The semiconductor device of claim 1, wherein the
oxygen gettering layer is directly on the compound semicon-
ductor layer.

18. The semiconductor device of claim 1, wherein the
oxygen gettering layer has a higher affinity for oxygen than 5
the compound semiconductor layer and the dielectric layer.

#* #* #* #* #*

10



